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In fast bowling, cricketers are expected to produce a range of delivery lines and lengths while 
maximising ball speed. From a coaching perspective, technique consistency has been typically 
associated with superior performance in these areas. However, although bowlers are required to 
bowl consistently, at the elite level they must also be able to vary line, length and speed to adapt to 
opposition batters’ strengths and weaknesses. The relationship between technique and 
performance variability (and consistency) has not been investigated in previous fast bowling 
research. Consequently, the aim of this study was to quantify both technique (bowling action and 
coordination) and performance variability in elite fast bowlers from Australian Junior and National 
Pace Squads. Technique variability was analysed to investigate whether it could be classified as 
functional or dysfunctional in relation to speed and accuracy. 
 
Methods: Twenty Australian nationally-contracted (NAT) and junior pace squad (JNR) fast bowlers 
completed an adapted version of the Cricket Australia bowling skills test (Spratford et al., 2007), in 
which they were required to perform 30 trials of good, short and full length deliveries at match 
intensity to a right handed batsman (rear projected) on a skills test screen. This test quantifies 
accuracy by measuring the bowlers’ ability to hit a target (Figure 1) and ball speed via a radar gun. 
Bowling action and coordination were measured from three-dimensional full body movement data 
captured using a 22-camera VICON motion analysis system (Oxford Metrics Ltd., Oxford, UK) 
sampling at 250 Hz. The University of Western Australia cluster-based model was used to 
calculate three- dimensional joint kinematics (Lloyd et al., 2000). Ground reaction force data (GRF) 
for back foot contact (BFC) and front foot contact (FFC) were collected at 1000 Hz (Kistler, 
Amherst, USA).  
 
Group means of each bowler’s standard deviation (SD) were used to estimate variability of 
performance (Fleisig et al., 2009). Paired t-tests were used to compare this variability measure for 
eight performance, eighteen kinematic, three temporal and four kinetic variables. Pearson’s 
product moment correlation coefficients (r) were calculated to establish the relationship between 
performance means and selected technique parameters variability within groups. 
 
Results: The NAT group were significantly better than the JNR group in overall accuracy scores 
(48.5% + 8.2 v 37.7% + 11.2, p = 0.03), short accuracy (62.5% + 8.0 v 35.9% + 12.3, p = 0.00) and 
significantly higher in all ball speeds measures (overall; 125.6 km/h + 6.7 v 120.0 km/h + 3.9, p = 
0.03), (Table 1). The NAT group bowled with more consistent ball speed than JNR (p = 0.04). No 
significant differences were noted in how consistently NAT and JNR hit the required target, but this 
may be due to the lack of sensitivity in the scoring system (i.e. 0, 25, 50, 75, 90, 100 grid reference 
score). 
 
Discussion: Bowling technique was equally consistent in both NAT and JNR groups except for a 
difference at back foot contact. The JNR group had significantly greater variability in BFC braking 
forces compared to the NAT group (p = 0.02). Although there were similarities in the levels of 
variability in technique in juniors and NAT bowlers, differences in performance outcomes were 
noted. Higher accuracy scores in the NAT group demonstrated that the JNR group were not able to 
complete the same range of tasks with the same level of accuracy or level of control as the elite 
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group. This may have been because they were still developing, exploring and learning the skill as 
their technique variability (or consistency) was similar without the same level of accuracy. 
 
 
Figure 2: Accuracy Scoring System for Short, Good Length and Full deliveries respectively. 
 
Table 1: Performance measure outcomes and variability (mean + s) by group. 
 Performance Outcomes Performance Variability 
 JNR Mean  NAT Mean JNR SD NAT SD 
Overall Ball Speed 
(km/h)  120.0 + 3.9  125.6 + 6.7 *  2.8 + 1.0  2.0 + 0.4 * 
Full (km/h)  120.1 + 4.2  125.8 + 6.8 *  2.7 + 1.7  2.1 + 0.6 
Good (km/h)  120.1 + 4.1  126.0 + 6.7 *  2.3 + 0.7  1.8 + 0.6 
 Short (km/h)  119.8 + 3.6  124.9 + 6.8 *  2.7 + 1.3  1.7 + 0.6 
     
Overall Accuracy (%)  37.7 + 11.3  48.5 + 8.2 *  38.9 + 3.1  38.3 + 2.1 
Full (%)  25.5 + 18.4  31.1 + 9.6    33.2 + 17.4  41.3 + 5.4 
Good (%)  51.5 + 19.7  51.8 + 13.4  34.8 + 5.2  33.7 + 5.0 
Short (%)  35.9 + 12.3  62.5 + 8.0 *  37.0 + 6.6  33.7 + 3.5 
  *Significant difference (p < 0.05) 
 
Similarities in technique variability between groups support previous research findings in baseball 
pitching which showed similar kinematic consistency in high school and major league pitchers. 
However, that study found greater variability in youth pitchers when examining fastball pitchers in 
isolation (Fleisig et al., 2009). However, Fleisig and colleagues (2009) did not assess the 
relationship between technique variability and accuracy outcomes across these skill levels. 
 
Several correlations were found between technique variability and performance measures (ball 
speed and accuracy) within groups. Faster ball speed was associated with greater variability in 
trunk lateral flexion at ball release (BR) in the JNR group, and greater variability in maximum front 
knee flexion in the NAT group. Greater accuracy was related to lower variability in the average run-
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up speed in the last 5m in the JNR group and less variability in trunk flexion RoM, and less 
variability in maximum angular speed of the non bowling arm in the NAT group. 
 
Table 2: Technique variability parameters by group (mean + s) and their Pearson’s correlation (r) 
to overall performance outcomes (ball speed and accuracy scores). 
 Technique Variability (SD) r Ball Vel  r Accuracy 
 JNR NAT JNR NAT  JNR NAT 
Kinematics (o)        
BFC  Shoulder alignment 3.2 + 1.4 2.5 + 0.6 0.35 -0.48  0.07 -0.06
      Pelvis alignment 3.0 + 0.8 2.5 + 0.7 0.10 -0.14  0.07 0.01
      Hip shoulder sep 2.5 + 0.8 2.2 + 0.6 0.20 0.44  -0.31 -0.51
      Back knee flexion 5.0 + 1.3 4.4 + 1.6 -0.10 0.54  -0.05 -0.25
FFC Trunk lateral flexion 2.8 + 1.0 3.2 + 1.6 0.17 -0.21  0.27 0.11
     Front knee flexion 2.8 + 0.9 2.7 + 1.4 0.06 0.05  -0.23 0.17
BR  Trunk lateral flexion 2.3 + 0.6 2.4 + 1.2 0.75* 0.13  -0.11 -0.29
Shoulder counter rotation 3.1 + 0.9 2.7 + 0.8 0.39 0.03  0.07 -0.18
Max Trunk lateral flexion 1.6 + 0.6 3.0 + 2.7 0.53 -0.61  0.20 -0.22
     Front Knee flexion 5.0 + 1.9 4.4 + 2.3 0.37 0.71*  0.17 -0.16
     Back Knee flexion 2.8 + 0.8 2.4 + 0.6 0.30 -0.43  -0.34 0.62
RoM (BFC–BR) Trunk lat flex 2.3 + 0.6 2.7 + 1.2 0.27 -0.25  -0.37 -0.61
           Trunk flexion 3.2 + 1.0 3.0 + 1.0 0.29 0.26  0.20 -0.90*
           Hip-shoulder sep 3.6 + 1.0 3.4 + 1.5 0.43 -0.11  -0.27 -0.70
Max Vel Non B Arm (o/s) 54.6 + 29.0 69.5 + 72.8 0.53 0.43  0.08 -0.73*
Run-up Speed Ave (m/s) 0.15 + 0.03 0.15 + 0.05 0.02 0.06  -0.20 -0.35 
       Average last 5m (m/s) 0.14 + 0.04 0.14 + 0.05 0.31 0.51  -0.64* -0.33 
       Max (m/s) 0.14 + 0.03 0.14 + 0.15 0.08 0.28  -0.14 -0.01 
Temporal (s)         
Time duration BFC - BR  0.01 + 0.003 0.01 + 0.003 -0.13 0.22  0.23 -0.45
Kinetics (body weight)        
FFC Max Vertical Force 0.93 + 0.55 0.76 + 0.25 -0.07 0.47  -0.05 -0.24
    Max Braking Force  0.70 + 0.35 0.50 + 0.23 -0.04 -0.52  -0.23 -0.08
BFC Max Vertical Force 0.30 + 0.20 0.27 + 0.12 0.34 0.65  -0.19 -0.31
    Max Braking Force 0.25 + 0.11 0.13 + 0.05** 0.37 0.31  -0.01 -0.12
** Significant differences (p < 0.05) among the competition levels.  
* Significant correlation at p < 0.05 
 
The sensitivity of the accuracy performance measure (and scores) will be addressed in future 
research. In this planned work more detailed quantification of accuracy is proposed: the distance 
(cm) between where the ball hits the target and the desired target (100% score) will be quantified 
for each delivery. The increased precision of this measure is expected to produce more meaningful 
correlations between accuracy and technique variability. 
   
 124 
Conclusions: Similarities in technique variability, but significantly higher accuracy scores in the 
NAT group, revealed that elite fast bowlers may have a wider repertoire of movement solutions to 
achieve desired performance outcomes. The same small technique adjustments were not 
harnessed as successfully in the JNR group, specifically within the short delivery type. The 
variability of several technique parameters (unique to each group) were found to be associated to 
greater ball speed, conversely consistency in a few technique variables was found to be correlated 
to accuracy in these same groups. Future research will examine more sensitive measures of 
accuracy and individual analysis of specific delivery types is advocated to better understand unique 
differences in movement coordination in elite and developing elite fast bowlers.  
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